The present work demonstrates the fabrication and properties study of Vinyl ester i.e. Bisphenol-A glycidyldimethacrylate (BisGMA) composites hybridized with 2-hydroxyethyl acrylate (HEA-10% w/w) grafted jute fiber and aqueous NaOH (5% w/w) treated coir pith used in various proportions and to characterize thereof. The mechanical and dynamic mechanical properties were measured in dependence of treated & untreated fiber as well as filler content. Composite with HEA grafted jute fiber and coir pith (15 wt%) exhibited maximum improvement in the above mentioned properties. Thermogravimetric analysis indicated the thermal stability of composites due to effective hybridization. The corrosive and water ingress properties of the composites were found to be negligible contributing to longer durability of the panels in moist and corrosive conditions.
Introduction
The major problem pertaining to the use of synthetic fibers (glass, carbon, Kevlar) as reinforcing materials in composites is their low biodegradability leading to environmental hazards. Therefore, John and Thomas (2008) reported that natural fibers like jute, bamboo, coir etc. are finding increasing usage in various industries as an alternative to synthetic fibers as these are abundantly available and form a renewable resource. Albuquerque et al. (2000) reported that natural fibers are biodegradable, possess high toughness and high specific modulus, exhibit reduced tool wear and good thermal properties. Gowda et al. (1999) developed untreated jute fabric reinforced polyester composites in which they reported that among all reinforcing natural fibers, jute has attracted Milewski and Katz (1980) have mentioned in their handbook that fillers are added to composites for economical and technical reasons. To reduce hydrophilicity and enhance filler/matrix interfacial adhesion, here NaOH treated coir pith has been incorporated as filler upto 25 wt% of resin content. The hydrophilicity of jute fiber with high moisture content (3-13%) leads to a very poor interface between fiber and the hydrophobic matrix resulting in poor moisture absorption resistance. Samal et al. (1995) ; Bledski and Gassan (1999) have mainly suggested alkali treatments to enhance natural fiber/matrix interactions, but here HEA has been used as an exception. HEA treatment reduces the hydrophilicity of jute fiber by reacting with the OH group of cellulose backbone of jute fiber through graft copolymerization. It also improves the surface quality of jute fiber so that it can bond properly with the matrix. Behera and Banthia (2008) have mentioned that BisGMA as the matrix resin possesses outstanding mechanical properties which include high modulus, tensile strength and moisture resistance. When cured, BisGMA forms a highly cross-linked threedimensional infinite network whose microstructures leads to desirable engineering properties.
The present work reports the hybridization effect of HEA grafted jute fiber and alkali treated coir pith on the mechanical and thermal properties of BisGMA composites. Corrosion and water ingress properties tests have also been conducted to test the durability of composites. Besides the investigation of various properties, the optimum composition of coir pith required for maximum improvement in all the properties has also been reported. This work addresses the effectiveness of HEA treatment on jute fabric as a whole and the effect of alkali treated coir pith as filler on the mechanical, thermal, corrosive and water ingress properties of reinforced hybrid BisGMA composites that can be successfully used as a structural material in housing, automobile and marine applications.
Materials and Methods

Raw Materials
Diglycidyl ether of bisphenol-A-type (DGEBA) epoxy resin (GY250) and hardener (HY850) were purchased from Marshal polymers, Kolkatta. Methacrylic acid, Butylated hydroxytoluene (BHT), Triphenylphosphine (TPP), HEA, Dicumyl Peroxide (DCP), Cobalt naphthenate and N, N-dimethylaniline (DMA) used as catalyst, accelerator and promoter respectively were purchased from SigmaAldrich. Coir pith was collected from Lida Export, Tamil Nadu. According to Uddin et al. (1999) , one of the most easily available forms of jute fabric is the Hessian cloth. Jute fibers in the form of Hessian cloths were collected from Southern Jute Industries, India (207GSM). All chemicals and solvents were used without any modifications.
Methods
Synthesis of BisGMA
BisGMA was synthesized by the esterification of DGEBA (epoxy) with methacrylic acid (1:2) using hardener, BHT (0.03 wt %) as stabilizer and TPP (1 wt %) as catalyst. The temperature was raised to 90-95 0 C and the reaction took 6 hours for completion. Praharaj et al. (2013) suggested the reaction scheme which has been shown in Fig. 1 . 
Alkali treatment of coir pith
The coir pith was first washed thoroughly with distilled water. Then it was soaked in 5% aqueous NaOH solution for 1 hour at room temperature followed by washing with distilled water to ensure removal of excess alkali. Afterwards, the samples were oven dried at 70 0 C for 2 hours. The dried alkali treated coir pith was then powdered, ground and used as filler in composites.
HEA Grafting of jute fabric
The grafting of HEA onto jute fiber was carried out by a reported method suggested by Behera and Banthia (2008) . The bleached jute (Hessian cloths), cut into square sizes (18 cm × 12 cm) was temporarily fixed in a long square size plate (50 cm × 50 cm). Then the samples were soaked in a solution of 10 % (w/w) HEA and 1.2% (w/w) DCP in methanol for 30 minutes. Finally they were dried at ambient temperature for 24 hours and then heated for 20 minutes at 60 °C.
Fabrication of composites
Different matrix formulations using BisGMA (100 grams), treated coir pith (5, 10, 15, 20, 25 wt %), 2% (w/w) DCP, 0.5% (w/w) DMA and 0.5 % (w/w) Cobalt naphthenate on the basis of 3-layer jute fiber were prepared. At the beginning of fabrication, gelcoat with 2% (w/w) DCP was uniformly brushed in to the finished side of male and female parts of the mould. After one hour when curing of gelcoat was completed, each layer of fiber was pre-impregnated with matrix material and placed one over another as sandwich making system. Then the mold was subjected to hot-press. The temperature was 110 °C for 1 hour and pressure was 5 tons. The composites are named as BUJC, BTJC and BTJTCPC for BisGMA/Untreated jute composite, BisGMA/Treated jute composite and BisGMA/Treated jute/Treated coir pith composite. The details of the composite specification are given in Table 1 . 
Characterization
Fourier transform infrared (FTIR) spectroscopy
FTIR spectra were collected using Thermo-Nicolate Model 400 instrument equipped with a controlled temperature cell (Model HT-32 heated demountable cell used with an Omega 9000-A temperature controller).
Scanning electron microscopy (SEM)
SEM was utilized to qualitatively examine the morphology of untreated and treated coir pith, untreated and treated jute fiber and the fabricated composites. The samples were gold coated and examined using a Philips 420T scanning electron microscope with a secondary electron detector, operating at 20 kV.
Mechanical testing
The tensile and bending strength of the composites were carried out by an INSTRON universal testing machine (Model 4301). Impact strength (IZOD) was measured in an impact tester as per D256-05. All the results were taken as the average value of five samples.
Dynamic Mechanical Analysis (DMA)
For dynamic mechanical analysis, five test specimens (56 x 13 x 3 mm) were cut from the center section of an ASTM Type I tensile bar. The dynamic mechanical properties like storage modulus and damping coefficient (tan δ) were evaluated using the DMA instrument (Perkin Elmer DMA-7e). The heating rate was 5 0 C/min and frequency was 1Hz under amplitude control. The amplitude was set at between 7-10 mm depending on the thickness of the samples. The sample sizes were a thickness of 2.5-3 mm, width 5.9-6.2 mm, and length 18-20 mm.
Thermogravimetric Analysis (TGA)
TGA was used to examine the thermal and thermo-oxidative stability of the fabricated composites. TGA was performed on a Perkin-Elmer Series 7 thermal analyzer with an air purge at a heating rate of 10 0 C/ min. The weight loss of the sample was measured as a function of temperature.
Corrosion test
For corrosion tests, five specimens (12x10x3 mm 3 and exposed area of 372 mm 2 ) were tested according to ASTM B117 standard. The edges of the samples were sealed with BisGMA resin and their initial weights were taken in dry condition in an electronic balance of accuracy 0.00001 mg and model AY220. The test was then conducted by dipping the specimens in circulating salt water with 10 wt% NaCl concentration, pH value of 6.5 and at a temperature of 42 °C. After a gap of 24, 48 and 72 hours of testing, each time the specimens were rinsed and cleaned in deionized water. Then they were dried in an oven for 12 hours and final weights were taken.
Water ingress testing
Moisture absorption tests were conducted as per ASTM D570-98.The test specimens (25mm × 25mm) were cut from the laminates and edges of the samples were sealed with BisGMA resin. The samples were pre-conditioned by drying in an oven for 24 hours at 60 °C and then weighed before being immersed in distilled water. The samples were removed at regular intervals, wiped with tissue paper to remove the excess fluid on the surface and immersed back in distilled water immediately. After five days, the samples were again taken out of the water and their final weights were taken using an electronic balance of accuracy 0.00001 mg and model AY220. Five specimens of each formulation were tested and the average values were reported.
Results and Discussion
Synthesis of BisGMA
The FTIR spectrum of epoxy and BisGMA is shown in Figs. 2 (a) and 2 (b) respectively. The oxirane peak in epoxy is totally absent in BisGMA, which is a clear indication for the formation of the desired product. In the FTIR spectrum of BisGMA, a wide band is observed at 3443cm -1 due to the presence of hydroxyl group. The C-H stretching of the aromatic ring is evident from a peak at 2963cm -1 . The absorption peaks at 2933 and 2872cm -1 are due to the asymmetrical and symmetrical C-H stretching of methylene and methyl groups. The ester carbonyl stretching absorbs at 1727cm -1 where as the peak at 1627 cm -1 is due to the carbon carbon double bond (C=C) stretching. The ring stretching vibrations of the aromatic nuclei are seen at 1606, 1580 and 1506 cm -1 respectively. The methyl groups exhibit symmetrical and asymmetrical bending vibrations at 1407 and 1463 cm -1 . The C-O stretching peaks are obtained at 1295, 1247 and 1113 cm -1 . The C-H out of plane bending vibrations are observed at 828, 811 and 560cm -1 . All the above obtained peaks supported the successful synthesis of BisGMA.
Alkali treatment of coir pith
To overcome the high water uptake and retention capacity (Prasad et al. (1983) ) of coir pith, we have carried out the alkali treatment of raw coir pith and studied the surface morphology by SEM (Figs. 3(a) and 3(b) ). Alkali treatment of coir pith results in the leaching or removal of pectin, lignin and other impurities present on the surface, imparting a rough morphology to coir pith. According to Rout et al. (2001) , the breaking of hydrogen bonding in the network structure imparts rough morphology to treated coir pith. As a result, the hydrophilicity of coir pith is minimized and the mechanical bonding between matrix and filler gets enhanced. Thus NaOH treatment results in better mechanical interlocking (Bachtiar et al. (2008) ) and also promotes the activation of hydroxyl groups of cellulose unit, thereby increasing the number of possible reaction sites (Tomczack et.al (2007) ).
HEA grafting of jute fabric
Grafting of jute fiber with HEA treatment results in the removal of lignin, hemicellulose and pith from the fiber to have better impregnation between fiber and matrix. It also increases fiber surface roughness (Figs. 4(a) and 4(b) ) to have a better interaction both with the matrix and filler. Such treated fibers are less dense and are capable to rearrange inter-fibril region when subjected to tensile deformation. The effect of HEA treatment is also evident from FTIR spectra (Fig. 5) . HEA treatment of jute fiber develops carbonyl groups on the surface which is observed from a peak at 1737 cm -1 and the C-Ostr band exhibits a peak at 1371 cm -1 . The presence of hydrogen bonding between cellulose and HEA results in the shifting of the O-H band from 3000 cm -1 to lower frequency side i.e. at 2926 cm -1 and 2852 cm -1 . Fig. 6 (a) shows the morphology of pure BisGMA which is homogeneous without any dispersed particles. It further reflects a highly brittle and crystalline surface with a number of voids in it. Fig. 6 (b) shows the surface of coir pith added BisGMA indicating uniform dispersion of coir pith, and void free surface due to efficient intermixing of matrix and filler. These observations prove the potentiality of coir pith as a filler. 
Fig. 5. FTIR spectra of Untreated and HEA treated jute fiber
Coir pith as potential filler
Effect of hybridization on the Mechanical Properties of Composites
The mechanical properties of the composites are given in Table 2 . All the values suggest a marked improvement with HEA treatment of jute fiber which gets further enhanced by the addition of treated coir pith, but only upto 15 wt% exhibiting optimum properties. The values then decrease with higher filler loading due to the weakening effect of the agglomerates. There is an improvement of 9.4% in tensile strength, 5.5% in bending strength and 29.2% in impact strength with HEA treatment of jute fiber compared to the untreated one. The tensile modulus is also increased by 31.8% and bending modulus by 1.6% in BTJC than BUJC. HEA treated jute fiber resulted in better interlocking between the fiber and matrix allowing for more energy absorption as reported by Khan et al. (2005) thereby imparting the composites with improved properties. These values gradually increase with filler loading because treated coir pith forms secondary hydrogen bonding with the fiber and matrix which helps in improving their surface to a great extent. Its addition fills up the voids and stops the propagation of crack resulting in a notable improvement in the mechanical properties. BTJTCPC15 exhibits optimum properties with 59.69% improvement in tensile strength, 44.42% in bending strength, 65.45% in tensile modulus, 96% in bending modulus and 81.3% in impact strength. These results are due to the due to the hybridizing effect of both the reinforcing fiber and filler. But at higher filler concentrations, the values are found to deteriorate which is a clear indication of some mechanical defect in the composites. These defects arise due to the agglomerates formed by the excess filler particles causing voids on the surface of composites. These voids act as stress concentrators which make the composites more susceptible to breakage thereby rendering them mechanically weak.
Dynamic Mechanical Analysis of Hybrid Composites
The dynamic mechanical properties like storage modulus and damping coefficient (tan δ) of BisGMA and its hybrid composites were investigated as a function of temperature. The results presented in Fig. 7 and Figure 8 show a considerable improvement in the storage modulus (elastic component) caused by the hybridizing effect of HEA treated jute and treated coir pith. In Fig. 7 Similarly, the modulus and tan δ values of the hybrid composites are depicted in Fig. 8 which clearly shows that the presence of both treated fiber and treated filler, concentrations of both, as well as the adhesion factor between the filler and polymer, have direct influence on the total dynamic modulus of composites. The addition of 5, 10 and 15wt % of coir pith induce an increase of roughly 28 %, 37.5 %, 43.75 % in the storage modulus of BTJC and 51.85 %, 62.96 %, 70.37 % in the storage modulus of pure BisGMA polymer, respectively. Thus, composites with treated jute and 15 wt % coir pith exhibit the maximum improvement in storage moduli due to effective hybridization. The significant enhancement of the storage modulus region could be explained by the higher packing density, good particle to particle interaction and attachment of treated fiber and filler to the BisGMA matrix, leading to increased interfacial bond strength. When comparing material properties, a material with a higher storage modulus would be stiffer and harder to deform than one with a lower storage modulus. But in BTJTCPC20 and BTJTCPC25 , the aggregation of filler particles inhibit the effective matrix/fiber and matrix/filler interactions, resulting in phase separation and microcracks on the composite surface which considerably reduce the storage modulus.
The tan δ values of the hybrid composites are shifted to lower temperature compared to pure BisGMA matrix with decreasing Tg. A composite material with a higher tan δ (≈ 1.8 for composite with 15 wt% of coir pith) has a higher viscous percentage than one with a lower tan δ (≈ 0.6 for composite with 25 wt% of coir pith). Therefore the material would be more likely to absorb a vibration or impact, and disperse it throughout the material without failure. The interfacial material shows the tendency to have a lower glass transition temperature (Tg), higher modulus, higher tensile strength, and high fracture toughness than the bulk. The lowering of glass transition temperature indicates reduced -linking density of mixture due to coupling agent and other ingredients present. Mobility of the molecular chain at the interface is reduced by strong interaction of fiber and matrix due to HEA treatment of fiber. Thus damping is reduced. Thus, an overall improvement in the dynamic mechanical properties of the hybrid composites was observed with optimum improvement shown by BTJTCPC15.
Morphological examination of Hybrid Composites
The SEM micrographs of the composites are shown in Fig. 9 .The BTJC shows a rough morphology with good bonding with between fiber/matrix compared to BUJC. This is because HEA reacts with jute through graft copolymerization with the help of DCP and grafted jute reacts with BisGMA through nucleophilic addition reaction. This results in better stress transfer efficiency leading to increased mechanical properties.
The 10 wt % addition of coir pith to BTJC fills up the small spaces between fiber/matrix ( Fig. 9(c) ) but not quite efficiently. Further addition of 15 wt % coir pith imparts improved and smooth surface morphology to the composites with absence of voids which is a clear indication of effective hybridization. HEA treatment increases the effective surface area of the fiber due to the removal of lignin, hemicelluloses and other substances resulting in larger area available for contact with the matrix and filler. The alkali treated coir pith develops good interfacial adhesion both with the matrix as well as fiber which helps in effective filling up of voids. BTJTCPC20, displays phase separation with the matrix exposing the fiber surface due to bad bonding between BisGMA/jute fiber, jute fiber/coir pith and BisGMA/coir pith. With increased filler content in composites, the matrix becomes unable to provide areas for uniform filler dispersion. Manikandan et al. (2012) have reported that the excess filler particles unite to form agglomerates which cause phase separation of matrix and the dispersed phase. From the above observations it is clear that BTJTCPC15 can be considered as the preferable hybrid composite due to maximum improvement in all the mechanical properties as well as regular and improved topography. 
Thermogravimetric Analysis of Hybrid Composites
Fig. 10 presents the curves of BisGMA, BUJC and BTJC corresponding to the mass loss as a function of temperature and the derivative of the TGA curve (DTG). The thermogram shows only one stage of decomposition for the composites at temperatures between 300 and 400 ºC. For the BTJC, the decomposition occurs at slightly higher temperature compared to BUJC making it more thermally stable. The TGA and DTG curves of hybrid composites shown in Fig. 11 depict increased thermal stability with filler content.HEA grafting of jute fiber increases its thermal stability which is efficiently transferred to the matrix system. According to Sonia and Priya Dasan (2013) , incorporation of alkali treated coir pith further adds to the stability of the composites by filling in the areas of cracks and voids resulting in a tightly packed structure resistant to thermal degradation. 
Corrosion test of Hybrid Composites
The results of corrosion test reveal weight gain in all the specimens indicating oxidation. The graph showing the change in weight of hybrid composites has been plotted in Fig. 12 . The composites have been denoted from 1-7 for BUJC, BTJC, BTJTCPC5, BTJTCPC10, BTJTCPC15, BTJTCPC20 and BTJTCPC25 respectively. There is a marked improvement in the absorption characteristics of the treated BisGMA composites compared to the untreated one i.e. the BTJC shows less weight change compared to BUJC which further decreases when treated coir pith is added in increasing proportions. The BTJTCPC15 exhibits least weight change due to its uniform surface characteristics confirmed from SEM images. In composites with higher filler content, the presence of voids result in easy passage of salt water into the matrix resulting in increased weight gain. Overall change in weight of all composites is negligible even after increased hours of NaCl treatment which is a result of the hybridization effect of grafted fiber and treated filler. 
Water ingress capacity of Hybrid Composites
The major drawback in the use of natural fibers as reinforcement is that their sensitivity to water which increase the dimension of the composites and also reduce the mechanical properties (Dhakal et al. (2007) ). According to Cheng et al. (2009); Abdul Khalil et al., (2011) , moisture absorption leads to swelling and degradation at fiber matrix interface which results in poor mechanical properties and dimensional instability. Thus, the water ingress capacity of the composites was evaluated to find out whether they could be used in structural applications. The results are shown in Fig. 13 in which the same denominations have been used for composites as in corrosion test. In BUJC, untreated jute results in higher water uptake but after treatment with HEA (BTJC), hydrophilic nature of jute fiber is reduced due to the removal of waxes. Alkali treatment of coir pith changes the nature of surface i.e. surface becomes rough leading to better bonding between fiber/filler and matrix/filler. Improved adhesion reduces the rate of diffusion of water molecules. Thus, the BTJTCPC show reduced water ingress into the system. But at higher filler concentrations, the agglomerates formed cause cracks and micro-voids on the surface of composites leading to increased water leakage into the composites. The BTJTCPC15 absorbs the least due to the hybridizing effect of fiber and coir pith which improves the fiber surface to a large extent making it less susceptible to water absorption. 
Conclusion
In this work, we have investigated the effect of both untreated and treated jute fiber & coir pith on the mechanical and thermal performance, corrosion and water ingress properties of hybrid BisGMA composites. The fabricated composites exhibited better mechanical properties than BisGMA. HEA treatment of jute fiber and the alkali treatment of coir pith led to improved mechanical and thermal performance of composites including corrosion and water ingress properties. All the properties get enhanced with increasing filler content but only upto 15 wt% beyond which the values decrease. The BTJTCPC15 exhibited optimum improvement in all the above mentioned properties and can thus be recommended for use in structural purposes specifically for housing projects and members in marine application in saline environment.
